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INTRODUCTION AND LITERATURE REVIEW
Pepper mottle virus (PeMV) was first found in Capsicum annum in 1970 in Delray Beach, Florida and El-Frida Arizona (16, 37) . It is one of the major limiting factors of pepper production in Arizona, New Mexico, California, Florida and
Mexico (16, 17, 18, 37) . Pepper mottle virus produces very severe mosaic on peppers. Infected fruits are deformed and not suitable for canning. All pepper cultivars are susceptible to the virus. Attempts to develop resistant cultivars have failed although resistant germplasm has been identified in wild peppers (17) . In the absence of resistant cultivars alternate control measures need to be developed.
Use of chemicals to control insect vectors is not effective and may aggravate the problem. Since peppers are frequently grown in nurseries and subsequently transplanted to the field, cross protection by mechanically transmitted mild PeMV strain would be a possible method to minimize the effects of severe strain on yield of peppers. In some cases control using alternate host has been effective and stylet oil has been used (Personal comm. Nelson et. al.) .
Cross protection was first demonstrated in 1929 in tobacco with tobacco mosaic virus (TMV) (14) . Tobacco plants infected with a mild light green strain of TMV showed no additional symptoms when subsequently inoculated with a severe strain that caused yellow mosaic. Since its discovery many plant virus systems have been demonstrated to exhibit this phenomenon (20, 21, 22, 26 
SOURCES OF MILD STRAIN
A) Selection from natural population. Mild strains are found in nature. A mild strain of citrus tristeza virus (CTV) was isolated from vigorous trees growing in the area severely affected by the disease (15) . A mild strain of zucchini yellow mosaic virus was isolated from melon plant infected with the severe strain of the virus (10,11).
B) Induced mutation. It is not always possible to find a mild strain from natural populations. Therefore mild strains are obtained alternatively by selection from mild mutants. Mutants are induced by:
1) Heat. Treatment of virus infected plants with high temperature followed by selection of mild isolates from the treated plant has proven successful.
The method was used in Japan to find a mild mutant of TMV tomato strain (19) . A temperature sensitive mutant LEI-A of TMV was obtained from high temperature treated infected plants, and was used successfully to control tomato mosaic in Japan (19) . 
ISOLATION OF MUTANTS.
Mutants can be isolated by several different methods:
A) Local lesion. Local necrotic lesions probably contain the progeny of a single virus particle (28 In this case, treated virus can be inoculated to a large number of systemic hosts through a series of dilutions to detect mild mutants in individually infected plants.
The technique was employed to isolate certain variants of TMV (28) .
TYPES AND MEASUREMENT OF CROSS PROTECTION
Several workers have tried to measure cross protection in several different ways. Four common methods used to measure cross protection quantitatively are discussed below (7) . Similar observations were made by several other workers (21, 22, 23, 26) .
Although cross protection is a general phenomenon of plant viruses, and has been shown in many plant virus combinations (7, 9, 14, 15, 20, 21, 26) , not all plant viral diseases can be controlled by using mild strains for preimmunization.
In order to qualify for use in field, to cross protect from severe effects of a virus infection, a mild strain has to meet certain criteria:
1. It should not cause severe damage to the protected plant.
2. Be stable for long time.
3. Protect plant against the effect of severe strain.
4. Be suitable for infecting large number of plants.
5. Not effect other plants in the vicinity.
6. Have no synergistic reaction with other viruses. Symptoms were recorded as they developed.
EXAMPLES OF SUCCESSFUL CROSS PROTECTION

Testing of Mutants for Cross Protection Potential. Eleven single lesion isolates
were selected on the basis of mild symptoms on NM 6-4 to test their effectiveness in cross protection. One severe isolate was included as a control. Pepper (C.
frutescens 'NM 6-4') plants were grown in speedling trays and then transferred to 6 inch pots. Eight plants were used in each cross protection test. Tissues infected with isolates selected for the test were ground in 0.1 M phosphate buffer pH 7.0 at a ratio of 1 gm/2ml. Test plants were then inoculated using a plumbers' acid brush. Carborundum (600 mesh) was added just before inoculation. All plants were randomly placed in greenhouse in separate blocks. Twenty days after inoculation, when symptoms had fully developed, half of the plants in each treatment were inoculated with the wild type isolate to test the ability of the mild mutants to cross protect against the wild type isolate. Peppers were harvested when almost all plants bore fruit and there were signs of reddening on fruit of some plants. Data on fruit marketability, weight, length and width was recorded.
A scale of 1-4 was used to categorize the marketability of fruit. The description of categories are as follows (Fig 1) :
Category No. Description
1.
Normal fruit, smooth surface, no chlorotic streaking to very few light green streaks; fruit straight to slightly curved.
2.
Smooth to slightly bumpy surface with few narrow chlorotic streaks.
3.
Surface bumpy, narrow chlorotic streaks with yellow color more pronounced, fruit slightly disfigured.
4.
Surface very bumpy, numerous broad chlorotic streaks which tend to coalesce, fruit disfigured and generally smaller.
To avoid bias in evaluating the fruit marketability, the evaluator did not know the plant of origin of the fruit during the evaluation. Plants were cut back and a reading on fruit quality was recorded for the second crop also for all the isolates. Representative of different classes of pepper fruits harvested from the cross protection experiments. This class scheme was used to catagorize all the pepper fruits.
Data was analyzed using SAS procedure GLM and where appropriate rank procedure was used to analyze variance of ranks (Friedman test) (27) . Friedman test was used for analyzing fruit categories and percent marketability because these data were not distributed normally. On the basis of these data, the time selected for nitrous acid exposure for mutant induction was 25 min. In this treatment, as most of the virus particles loose their infectivity, the survivors are more likely to be mutants.
Selection of mutants from mutagenic treatment. Single lesion isolates were
selected from four different mutation experiments based on their lesion morphology (Table 1) . Two types of local lesions were observed. Lesions of the first type were morphologically identical to wild type but smaller in size (Fig 3-4) . Wild type local lesions started as small necrotic spots and then continue to increase in size up to 15 days. Lesions of second type were chlorotic in the beginning but later developed a necrotic border (Fig 3-4) . This type of local lesion was only associated with the nitrous acid treated inoculations. A total of 90 lesions were selected and were transferred to C. frutescens 'NM 6-4'. Symptoms on C.
frutescens 'NM 6-4' appeared 10-15 days after inoculation. Out of 90 lesions yielded good fruit weight but there was no consistency for the quality in both challenged and unchallenged experiments (Fig 6) . Isolates 3230,7221,7204, and 7210 offered no protection against wild type isolate and quality of the fruit produced by the plants infected with these isolates was same as of wild type infected plants. 
MINUTES OF EXPOSURE TO NITROUS ACID
DISCUSSION
The purpose of this study was to find a mild strain of Pepper mottle virus that could be used to protect peppers against infections by severe PeMV. Nitrous acid treatment was selected to induce mutations from wild type PeMV. Data from this study show that there are differences among the mutant isolates for their degree of severity on the peppers. Out of 12 isolates, 4 produced mild symptoms on both leaves and fruit, isolates 4214, 5301, 7201 and 7211.
Symptoms they produced on plants were consistent in both challenged and unchallenged groups. These isolates are good candidates for use as inducers to protect against the challenger virus. An extensive field experiment would be needed to determine the relative effectiveness of all these isolates.
